Hypervelocity stars (HVS) travel with velocities so high, that they exceed the escape velocity of the . Several acceleration mechanisms have been discussed. Only one HVS (US 708, HVS 2) is a compact helium star (2). Here we present a spectroscopic and kinematic analysis of US 708. Travelling with a velocity of ∼ 1200 km s −1 , it is the fastest unbound star in our Galaxy. In reconstructing its trajectory, the Galactic center becomes very unlikely as an origin, which is hardly consistent with the most favored ejection mechanism for the other HVS. Furthermore, we discovered US 708 to be a fast rotator.
(He-WDs) is a possible formation channel for those objects (10) .
The hot subdwarf nature of US 708 poses a particular challenge for theories, that aim at explaining the acceleration of hypervelocity stars. Within the slingshot scenario proposed by Hills, a binary consisting of two main sequence stars is disrupted by the close encounter with the SMBH in the centre of our Galaxy. While one of the components remains in a bound orbit around the black hole, the other one is ejected with high velocity (4). This scenario not only explains the existence of the so-called S-stars orbiting the supermassive black hole in the Galactic centre and providing the most convincing evidence for the existence of this black hole (11) . It is also consistent with the main properties of the known HVS population consisting of young main sequence stars (12, 13) . However, more detailed analyses of some young HVS challenge the Galactic centre origin (3, 14) and most recently, a new population of old main sequence stars likely to be HVS has been discovered. Most of those objects are also unlikely to originate from the Galactic centre, but the acceleration mechanism remains unclear (15) .
In the case of the helium-rich sdO (He-sdO) US 708 the situation is even more complicated.
In contrast to all other known HVS, which are normal main sequence stars of different ages, this star is in the phase of shell helium-burning, which only lasts for a few tens of Myr. More importantly, it has been formed by close binary interaction. To accelerate a close binary star to such high velocity with the slingshot mechanism, either a binary black hole (16) or the close encounter of a hierarchical triple system, where the distant component becomes bound to the black hole and the two close components are ejected, is necessary (17) . Similar constraints apply to the dynamical ejection out of a dense cluster, which is the second main scenario discussed to explain the HVS.
While close binarity requires quite specific modifications of the canonical HVS scenarios, it is a necessary ingredient for an alternative scenario, where US 708 is explained as the ejected donor remnant of a thermonuclear supernova type Ia (SN Ia) (18, 19) . Underluminous SN Ia have been proposed to originate from a so-called double-detonation of a white dwarf (20, 21) .
In this scenario a massive white dwarf (WD) is closely orbited by a low-mass helium star. Due to a tightening of the orbit the He-star will start to transfer mass to its compact companion.
After a critical amount of helium is deposited on the surface of the WD through accretion, the helium is ignited causing a detonation wave that triggers the explosion of the carbon-oxygen white dwarf itself. Indeed, the ultracompact sdB+WD binary CD−30
• 11223 has recently been identified as progenitor candidate for such a scenario and linked to the putative ejected donor remnant US 708 (5, 22 ).
We performed a detailed spectroscopic and kinematic analysis of US 708 based on recently obtained and archival data to trace back its origin and constrain the ejection mechanism. To determine the 3D-motion of US 708 both the radial and tangential velocity components have to be determined. We measured the radial velocity from new spectra taken with the Keck and Palomar telescopes and compared it to archival data. Atmospheric parameters and spectroscopic distance were derived from the new spectra as well (see Fig. 1 ). In addition to that the proper motion was determined by combining archival positions with new measurements from the PanSTARRS survey (see Fig. S2 , Table 1 ).
With a Galactic restframe velocity of 1157 ± 53 km s −1 we find that US 708 is the fastest known unbound star in our Galaxy. Its current distance is 8.5 ± 1.0 kpc and it is moving away from the Galactic plane into the halo. Tracing back its trajectory and assuming no further deviations we deduced that it crossed the Galactic disc 14.0 ± 3.1 Myr ago. In this way an origin in the centre of our Galaxy can be excluded with high confidence (see Fig. 2 ), but the origin in the Galactic disc on the other hand is fully consistent with the supernova ejection scenario. In contrast to regular SN Ia, double-detonation SN Ia with hot subdwarf donors are predicted to happen in young stellar populations (5).
Both the current Galactic restframe velocity and the reconstructed ejection velocity from the 
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Galactic disc (998 ± 68 km s −1 ) are significantly higher than published before (∼ 750 km s −1 , based on radial velocity alone) (2) . This puts new constraints on the possible progenitor system, which can be derived from the observed parameters of US 708. To reach such a high ejection velocity, the progenitor binary must have been very compact and the white dwarf companion rather massive. The likely progenitor system consisted of a compact helium star with a mass of ∼ 0.3 M ⊙ and a massive carbon-oxygen WD (1.0−1.2 M ⊙ ) with an orbital period of about 10 min.
We calculated the mass-transfer rate in such a binary and found that the helium is accreted by the white dwarf at a rate suitable for the double-detonation scenario (10 The ejection from such a close binary should leave another imprint on the remnant. We know that hot subdwarfs in compact binaries have been spun up by the tidal influence of the close companion (22,24,25) to rotational velocities significantly higher than the rotational velocities of single hot subdwarfs (26, 27 ). An ejected remnant is predicted to have a high v rot sin i as well (28). And indeed we measured v rot sin i = 115 ± 8 km s −1 significantly higher than expected for a single He-sdO (see Fig. 1 ) (27). However, assuming an ultracompact progenitor binary, the measured v rot sin i of the He-sdO is still about a factor of four slower than expected. A significant loss of mass and angular momentum caused by the supernova impact is predicted for main sequence companions in the standard single-degenerate SN Ia scenario, where mass is transferred from such a companion to a WD (29-31). While the loss of mass and angular momentum for a more compact companion like US 708 is expected to be smaller, our results indicate that it is still substantial. This puts important observational constraints on more detailed models.
While the observed properties of US 708 are consistent with the supernova ejection scenario, they are hardly compatible with the slingshot mechanism, because an origin of the star in the centre of the Galaxy is very unlikely (Fig. 2 , see also the additional explanation in the supplementary material). However, it has to be pointed out that the supernova ejection scenario is only applicable to such compact helium stars and cannot be invoked to explain the acceleration of the other HVS.
Providing evidence that US 708 is the likely donor remnant of a helium double-detonation SN Ia we not only show that the fastest unbound stars in our Galaxy are accelerated in this way.
It is also an important step forward in our understanding of SN Ia explosions in general. Despite the fact that those bright events are used as standard candles to measure the expansion (and acceleration) of the universe, their progenitors are still unknown. Our results suggest that due to the quite high WD masses derived for the progenitor binary, the double-detonation scenario might not only be applicable to some underluminous SN Ia (5, 21) , but might also contribute to the population of typical SN Ia used as cosmic yardsticks (20) .
Depending on the pollution by SN material, the effect of the SN impact, and the subsequent stellar evolution, the surface abundances of US 708 might be significantly affected. UVspectroscopy is necessary to measure the metal abundances of US 708 and put further constraints on the extreme history of this star, which witnessed a SN from a distance of less than
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Based on observations at the Palomar Observatory.
The Pan-STARRS1 Surveys (PS1) have been made possible through contributions of the Institute for Astronomy, the University of Hawaii, the Pan-STARRS Project Office, the Max-Planck The data observed with the SDSS and Keck telescope are published via the SDSS and Keck data archive, the PS1 data and catalogue will become public at the end of 2014. 
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Figs. S1 to S7 To investigate this issue, we performed a reanalysis of the LRIS spectra and measured an RV of 709 ± 7 km s −1 for the LRIS blue-channel spectrum perfectly consistent with the published value. However, when fitting the red-channel spectrum we found a significantly discrepant RV of 797 ± 21 km s −1 . This was taken as first indication, that those spectra might be affected by systematics. We used the nightsky emission line of O I at 6300Å (red-channel) and the interstellar absorption line of Ca II at 3934Å (blue-channel) to quantify those systematic shifts (see Fig. S1 , left panel). The nightsky emission line, which is supposed to be at zero RV, from the LRIS spectra are consistent with each other, but still smaller than the RVs measured from the ESI and Palomar spectra (see Fig. S1 , right panel). Due to the low resolution of the LRIS spectra, the remaining shift corresponds to only about one pixel on the CCD and is therefore regarded as systematic as well. We conclude that the RV published by Hirsch et al.
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was affected by systematics and therefore underestimated. Going back to the original raw data, we performed an independent reduction. However, we were not able to resolve this issue. Given that the uncertainties are at the 1σ level of confidence and that the LRIS spectra are affected by systematics, no significant shifts in RV on both short and long timescales are detected (see 2 The RV of 793 km s −1 given by the SDSS Sky Server Object Explorer tool is based on the fit of an hydrogen rich template to the spectrum. The He II-lines of the Pickering series are misidentified as Balmer lines. This introduces the shift of ∼ −100 km s −1 between our result and the template fit. Supplementary Fig. 1, right panel) .
Proper motion
The proper motion of US 708 has been derived from multi-epoch position measurements of Schmidt plates obtained from the Digitised Sky Survey (DSS) 3 , the Sloan Digital Sky Survey 
Atmospheric parameters
The atmospheric parameters effective temperature T eff , surface gravity log g, nitrogen abundance log N(N)/N(H) and projected rotational velocity v rot sin i were determined by fitting simultaneously the observed helium and nitrogen lines of an ESI spectrum, constructed by coadding the 11 single exposures, with NLTE models taking into account line-blanketing of nitrogen (27) (see . Based on our analysis we can rule out objects with similar spectral features like DO-type white dwarfs (log g > 7.0) or luminous He-stars (log g < 4.5), which can be easily misclassified from visual inspection only.
Spectroscopic distance and kinematics
The spectroscopic distance is derived from the atmospheric parameters T eff , log g and the appar- 
Since we known the absolute space velocity, the inclination angle can be set to sin i = 1, and the orbital period P of the progenitor binary can be calculated:
The binary separation a can be derived using Keplers laws:
Another crucial assumption is that stable mass-transfer from the He-star to the WD triggered the SN, which means that the He-star must have filled its Roche lobe before ejection.
To calculate the Roche lobe radius we used the equation given by Eggleton (44), where q =
The radius of the He-star can be calculated as a function of the mass and the surface gravity g:
To compare the Roche radius with the possible radius of the He-star we have to take into account that US 708 has already evolved away from the EHB (see Fig. S3 ), which led to an increase in radius. To calculate the radius at the time of ejection we therefore adopt the highest reasonable values for log g ≃ 6.1 close to the ZAEHB and the He-MS. Calculating Roche lobe and He-star radii for different He-star and WD masses, we explored the parameter space and put constraints on possible progenitor systems. Fig. S4 shows the Roche radii for WD masses from However, since the He-star was significantly more massive before the mass-transfer started, its further evolution might not depend on its current total mass. Especially, if the helium in its core was already exhausted towards the end of the mass-transfer phase, the further evolution would depend on the core mass rather than the total mass. The position of US 708 in the T eff − log g- other hand, the masses are very similar to the ones predicted, whereas the orbital period is much longer (274 min) (48). These discoveries as well as binary evolution calculations indicate the existence of binaries fulfilling the criteria for a progenitor of US 708 as well (18) . We therefore conclude that the double-detonation supernova ejection scenario is still able to explain the observed properties of US 708 as ejected donor remnant.
Rotational velocity
Only two out of more than 100 single hot subdwarf stars are fast rotators. Both objects are sdB stars with hydrogen-rich atmospheres and might have been formed by a common-envelope merger (49,50). US 708 on the other hand belongs to the population of He-sdOs, which are hotter and show no or only some hydrogen in their atmospheres. They are regarded as a distinct group of stars, that might have been formed in different ways as the sdBs. US 708 is the only single He-sdO rotating faster than 20 − 30 km s −1 indicating a close-binary origin (27). Due to the short orbital period and high companion mass, the rotation of the He-star in the proposed progenitor binary is expected to be synchronised to its orbital motion (22, 24, 25) . Assuming the angular momentum is unchanged after the SN, the ejected donor remnant should remain a fast rotator. The rotational velocity can be calculated as follows:
The expected rotational velocity of the ejected He-star is only weakly dependent on the masses of the binary components and of the order of 600 km s −1 . This is much higher than the measured v rot sin i = 115±8 km s −1 . The significant difference between the expected rotational velocity and the measured v rot sin i comes unexpected. In a synchronised binary system the rotational axes of both components are perpendicular to the orbital plane. As soon as the Hestar is ejected, the rotation axis should be perpendicular to the flight trajectory, which means that
The impact of the supernova shockwave on main sequence (MS) companions in the standard single-degenerate scenario has recently been studied with hydrodynamic simulations.
Due to stripping of matter, the star may lose up to ∼ 90% of its initial angular momentum. A subsequent increase in radius due to stellar evolution is also predicted to lower the rotational velocity at the surface (28-31). However, simulations of more compact helium stars show that much less mass is stripped (28,51). The loss of angular momentum is also expected to be smaller in this case. Taking into account evolution on the extreme horizontal branch (EHB), the radius of the sdO increased by about a factor of ∼ 1.6 since the ejection. Assuming conservation of angular momentum, the rotational velocity should now be of the order of 400 km s the binary-binary interaction is not affecting the angular momentum of the ejected star. We can therefore assume that the observed v rot sin i = 115 ± 8 km s −1 resembles the rotational velocity in the tidally-locked progenitor binary. To reach such a high rotational velocity, the separation of this binary is constrained to ∼ 1 R ⊙ (24). The interaction probability of two such binaries even in a very dense cluster is expected to be extremely small.
Another idea to explain HVS not originating from the GC is the origin in a nearby, low-mass galaxy (15) . Since the escape velocities from those smaller galaxies are smaller as well, it is easier for stars to escape and travel trough the intracluster medium. Some of those neighbouring galaxies also have quite high velocities with respect to our own Galaxy. However, this scenario is also unlikely for US 708. Although the star might have lived long enough on the main sequence (∼ 10 Gyr) to travel all the way from a satellite or small neighbouring galaxy, its current state of evolution is quite short compared to its total lifetime (only about 0.1%). Furthermore, only about 2% of all main sequence stars undergo an EHB phase. This means that for each single HVS sdO coming from the intracluster medium there should be about 50 000 HVS main sequence stars travelling through our Galactic halo. However, only a few tens of them have been reported so far. While faint, high proper motion objects are still not easy to identify, it is very easy to discover stars with high RVs in big survey like SDSS or RAVE. Palladino et al. 
Estimating supernova rates
Another sanity check for our scenario is to provide a rough estimate of the double-detonation SN Ia rates we would expect based on our observations and binary population synthesis models.
So far US 708 is unique among the known He-sdO stars and this estimate is based on very small 
